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By Norman M. McFadden, John L. McCloud, ITT,
and Harxry A. James

SUMMARY

Measurements of the local flow angles near the fuselages of =
triangular-wing wind-tunnel model snd of an F-86A-5 asirplane in flight
have been made by the use of air-flow detectors on the fuselsges.
Comparison of these measured flow angles are made hereln with predicted
flow angles. The methods used accuraetely estimated the change in upwash
due to flap deflection on the triangular-wing model. However, the
potential flow equations used to estimate the upwash due to the presence
of the fuselage consistently overestimated the effects of the fuselage
et the location of the detectors, which were very near the fuselage but
outside the boundary leyer. At the detector location on the wind-tunnel
model (1.2 semispans forward of the quarter-chord line) the change in
upwash due to flap deflection was small and could be neglected for most
applications.

INTRODUCTION

Meny cruise-~ and fire-control systems for aircraft and guidance
systems for missiles contain computers requiring signals proportional
to the true angle of attack. Reference 1 has shown that one feasible
method of obtaining the true angle of attack is by the use of detectors
which measured the local flow angle (i.e., the indicated angle of
attack) near the nose of the fuselage. It was found that for the test
airplane the true angle of attack was & linear function of the loecal
flow angle.
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There are two questions regarding this method of cobtaining the
required angle-of-attack signais. One question concerms the possi-
bility of estimating the local flow angle accurately enough to make
fiight calibration unnecessary, or, at least, accurately enough to
enable the choice of the location of the detector to be mede with
confidence in the alrplane design stage and, furthermore, tc enable
the design of the required computers to be made without waiting for the
flight calibrationg of the angle-of-attack system. The second questicon
concerns 1lts use on triangular-wing alrcraft where elevon deflection
might possibly influence the flow at the detector location to such an -
extent that the calibration and computers required to reduce the loecal
flow angles to true angles of attack would have to use signals propor=-
tional to flap deflectlion ae well as angle of attack.

This report presents the results of low-speed wind-tunnel measure=~
ments of local flow angles using & detector mounted on the forward
portion of the fuselage of a triangular-wing-fuselage model, These
tegt results and test results of reference 1 are compared with values
of indicated angle of attack predicted by the methods of reference 2.

NOTATION

c mean aerodynamic chord
1 2

Cy, 1ift coefficient, 1ift/ (5- pv ) S
S wing area, sq ft
v velocity, ft/sec
&% angle of attack, deg
5¢ flap deflection, deg
€ upwash angle, deg
p density, slugs/cu ft

Subscripts
b body
G geometric, referenced to tunnel center line

r .
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I indicated
T true
w wing

APPARATUS AND TESTS

An asgpect ratio 2 triangular~-wing-fuselage model was tested in the
fmes 40- by 80~-foot wind tunnel with a Specialties, Inc., Type J,
Airstream Direction Detector, used to indicete the local flow angle,
mounted on the fuselage 1.2 semlspans forward of the wing quarter-chord
line. Dimensions of the model are given in figure 1.

The Airstream Direction Detector is a pressure actuated null
seeking device., The detector has a small cylindrical procbe with two
lengthwise slots spaced 60° apart which provide differential pressure
to rotate the probe to seek the null or zero differential position which
is recorded by a potentiometer.

The local flow angles were measured et & tumnel dynemic pressure
of 30 pounds per sqguare foot over an le~of-attack range of o° to 8°
and with a flap deflection range of 15 . 8Since the detector was
mounted well forwerd of the wing, the wind-tunnel-well correctlons at
the location of the detector were negligibly small and were not incor-
porated in the results.

THEORETICAL ESTIMATES OF THE LOCAL FLOW

Method

A method of estimating upwash in the extended wing-chord plane for
airplenes wlth swept wings i1s preesented in reference 2. The method
assumes that the total upwash angle 1s the sum of the individual upwash
angles due to the presence of the wing, fuselage, and nacelle with the
Tuselage and nacelle acting in the upwash field of the wing. ILifting-
surface theory of reference 3 is used to obtain the upwash due to the
wing, while the upwash angles due to the nacelles and fuselage are
obtained as in reference 4 from potential-flow equations, assuming the
fuselage to be an infinite cylinder and the nacelles to be semi-infinite
bodles of revolution. The method has been extended in reference 5 to
cover regions above and below the wing-chord plane.

o e
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Application of the Method

The method of references 2 and 3 was used to cbtain the upwash
effects due to the wing on the wind-tunnel model. However, since the
detector was rather near the nosge of the fuselsge, the seml~infinite
body theory of reference 4 was used to obtain the upwash due to the
influence of the fuselage rather than considering the fuselage to be an
infinite cylinder.

Ag in reference 2, the local Tlow angle is equal to the geometric

angle of attack plues the upwash due to the presence of the wing and
fuselage; that 1s, ' ’

ap = og + €y + €p

which can be written

G.I=GG+E-L-CL+G.—&-'<IG+EC-ECL>
Then o : _
da de,, 4C dey de,, dC
I=:[_.|. A4 L+ b_6_+__W_...L. (1)
Bag acr, dog | da. acr,
and ' h

dat _ dey 4Cy, . dey, dey dCy,
e  4CT, dd¢ da 4Cr, d5¢

(2)

Equation (1) 1s used to determine the slope of the curve of
indicated angle of attack versus true angle of attack. The variation
of upwash with 1ift coefficient, dey/dCy, 1s obtained from the lifting-
surface theory as applied in reference 2 (assuming an elliptic span
load); the 1lift curve slope, dCL/dm, is obtained from experimental -
results (fig. 2); and the variation of upwash with angle of attack,
dep/da, due to the presence of the fuselage, is obtalned from potential
flow equations for a semi-infinite body of revolution (ref. 4).

The effect of flap deflection on the local flow angle is obtained
from equation (2). Agein de,/dC;, is obtained from lifting-surface
theory (ref. 2), assuming an elliptic span load; the change in 1ift
coefficient with flap deflection, 4Cr/d8p, is obtalned from experimental
results (cross plot of fig. 2); and dep/da 1s obteined from potential-
flow equations (ref. 4).

The method was applied to the F-86A-5 in essentially the same
manner a8 for the wind-tunnel model except that the span losd and lift-
curve slope for the wing were obtained by use of reference 3.

ol
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RESULTS AND DISCUSSION

Trisngular-Wing Model

The angle of attack indicated by the detector on the wind-tunnel
model is shown as & function of the geometric angle of attack in
figure 3. TFor comparison, the predicted varilation is also shown for
zero flap deflection. Although the agreement is not exact, 1t is
considered adequate for preliminary calculations. The zero shift of
sbout 0.2° is ettributed to the dissymmetry of the fuselage Just aft
of the location of the detector. (Since the shape of the fuselage
at a moderate distence behind the detector has little effect on the
calculated upwash, the fuselage was assumed to be a body of revo-
lution as shown in fig. 1 for the purpose of calculation.) As for the
discrepancy between the measured and predicted slopes of 0.10 (meas-
ured dog/dag = 1.73 and predicted = 1.83), most of the error is
- thought to be in the predicted value since the estimated accuracy of
the measured slope is *0.02. The contribution of the wing upwash to
the calculated slope was only 0.02, so it is apparent that the esti-
mates of the upwash due to the fuselage must be charged with the major
portion of the discrepancy. This indicates that the potential-flow
equations &8s applied do not completely describe the flow arcund the
fuselage Just ocutside the boundary layer at the location of the
detector.

. To determine the effect of flap deflection, the increment of.
indiceted angie of attack produced by flap deflection is shown in
figure 4 as a function of flap deflection. Predicted results are
included for comparison. The agreement between the measured and the
predicted values 18 excellent. The effect of flap deflection is small
at the location of the detector (1.2 semispans forward of the quarter-
chord line) and could probebly be neglected for most applications.

If the detector were closer to the wing,l however, the change in upwash
produced by the flap deflection would become large enough to be sig-
nificant in filre-control use.

Flight Tests of F-86A-5

Figure 5 presents the comparison of the measured (ref. 1) and
predicted slopes and Intercepts of the indicated versus true angle-of-
sttack curves for the F-86A-5 airplane through the Mach number range.

lIn the case of a swept wing the spanwlse position is also a powerful
factor in determining the amount of wing upwash, especlally near the
wing (see ref. 2).

S
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Agein the estimated slopes are higher than those actually measured. -
It may be noted that the trends with increasing Mach number are in the
opposlite direction. The theory also failed to predict the surprisingly
large variation of the intercept with Mach number. Since only 10 per-
cent of the calculated upwash is attributed to the wing (the detector
is 0.333 semispan forward of the quarter-chord line), it is apparent
that, agein, the potentisl-flow equations used do not adequately
describe the flow at the location of the detectors which were outside
the boundary layer but near the surface of the fuselage.

In estimsting the upwash angles, the fuselage was represented by
e semi-infinite body of revolution. It was assumed that there were no
effects of compressibility on the upwash due to the fuselage, and no
attempt was made to account for the air entering the inlet. The inlet-
flow and probable compressibility effects on the fuselage upwash may
account for a large portion of the discrepancy in slope shown in
figure 5. It 1s felt that the deviation of the actual fuselage from
the clrcular cross section used in the calculations combined with
compressibility effects is responsible for the poor correlation of the
measured intercept with that predicted.

CONCLUSIONS ‘

Comparisons of predicted flow angle# with those measured on the
forward portion of the fuselages of an aspect ratio 2 triangular-wing
wind-tunnel model and of an F-86A airplane in flight indicate the
following:

1. The accuracy of the predicted indicated angles of attack was
not sufficient to eliminate the necessity of a flight calibration of =
detector mounted on the fuselage. However, it d1d appear to be of -
sufficient accuracy to be used for preliminery calculations in select- '
ing the location of the detector and for the basic design. of the
computer required to reduce the indicated to the true angle of attack.

2. The increase of upwash with flap deflection on the triangular-
wing wind-tunnel model was predicted accurately by the method described
herein. ' B ) -

3. The potential flow equations used to estimate the upwash due
to the presence of the fuselage did not completely describe the local
flow at the location of the detectors which were very close to the
fuselage but outside the boundary layer. ‘The methods consistently
overestimated the indicated angle of attack.

SIS - )
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4, At the location of the detector on the fuselage of the wind-
tunnel model (1.2 semispans forward of the guarter-chord line), the
change in upwash due to flap deflection was small snd could be
neglected for most applications.

Ames Aeronauticel Laboratory
National Advisory Committee for Aercnautics
Moffett Field, Calif.
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Note: All dimensions are in feef.
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Figure |.— Triangular-wing mode! used in 40-by 80-foof wind-
N tunnel tests. ‘
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Figure 2.— Variation of lift coefficien! with geomelric
angle of altack for various flap deflections. Tri-

angular-wing model, 40 - by 80 -foot! wind tunnel.
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Figure 3.— Indicated angle of aftack as a function of geometric angle of
atlack at various flap deflections. Triangular-wing model, 40-by 80-
foot wind tunnel.
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Figure 4.— The effect of flap deflection on the indicated angle of attack.
Triangufar-wing model, 40- by 80~ fool wind lunnel.

CTVEGY W VOVN




3G NACA RM A53A15 Fr_____ eSS

- I~ 4
« o9
Q N -
. © o o
- 0 -
S 5=
S NS
- O ~————4 APINRPI SR (U G— —
358
ST o
£33
s -4
Measured (Reference /)
~—— — — Predicted
© 2,:* ________ — T
Y Q.Q e —
Q\ ™.
S e
13 53 h"'
L
Ssx¥ y
- [ XY had
=
u'%::‘n‘;
Q ‘5 xS
£L%S
SS8S NG~
S 0 |
6 7 8 .9 1.0

Mach number

Figure 5.— The variation with Mach number of the rafte
of change of indicated angle of attack with true angle
of attack and the indicated angle of attack at zero
true angle of attack for the F-86A-5 airplane.
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